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Abstract (Basic): JP 2003057422 A 

NOVELTY - A base material is irradiated with a femtosecond laser 
pulse, to form periodic fine structure that has a minimum average 
dimension of 5-200 nm. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for: 

(i) quantum wire or dot element; and 

(ii) quantum wire element substrate. 

USE - For manufacturing one-dimensional/two-dimensional periodic 
structure for diffraction grating. 

ADVANTAGE - Enables to form fine periodic structure by using 
femtosecond laser pulse, irrespective of type of material. 

DESCRIPTION OF DRAWING(S) - The figure shows the high resolving 
power scanning type electron micro graph. (Drawing includes non-English 
language text). 
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(57) [Abstract] 

[Problems to be Solved by the Invention] 

With lithography method preparation method of quantum 
wire or quantum dot, process beingcomplicated, because 
furthermore characteristic of microstructure is controlledin 
etching, is a constraint in kind etc of minimum dimension % 
shape % material of microstructure. 

In addition, method which utilizes island growth with crystal 
film-growing processes a constraint in control of periodicity 
of dot and combination of the material. 

Furthermore, with laser light interference exposure method, 
actualization of the two dimensions cycle structure being 
difficult, in addition nano scale microfabrication was not 
actualized. 

[Constitution] 

cycle microstructure which possesses minimum average 
dimension 5-200 nm by irradiating *7x A jp7 second laser 
pulse which interferes mutually, to substrate, is drawn up in 
substrate with "7xix jp7 second laser illumination which is 
made feature forming methodo of one dimension and/or two 
dimensions cycle microstructure 
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[Claim(s)] 
[Claim 1] 

cycle microstructure which possesses minimum average 
dimension 5-200 nm by irradiating ^7x A jp7 second laser 
pulse which interferes mutually, to substrate, is drawn up in 
substrate with "7x A jp7 second laser illumination which is 
made feature forming method 0 of one dimension and/or two 
dimensions cycle microstructure 

[Claim 2] 

With excitation wavelength of near infrared region, it 
possesses high density energy of 0.1 TW/cm 2 , ormore in silica 
glass, it draws up cycle slot which possesses even width 5-50 
nm by irradiating 2 3?xA jp7 second laser pulse which 
interfere mutually to the silica glass, with *7x A jp7 second 
laser illumination which is made feature forming method 0 of 
one dimension cycle microstructure 

[Claim 3] 

0. 

To possess high density energy of 1 TW/cm 2 , or more 90 
degrees turn after forming hologram diffraction grating in 
surface or internal of substrate by irradiating to the 
transparent substrate 3?x A jp7 second laser pulse which 
interferes mutually, vis-a-vis excitation wavelength of said 
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M*4I4] 

X .MgO.SiOi.LiNbOj.AljOj.CaFj, 9 4 "V t > 
K,ZnS J ZnSe,ZnO,YSZ('f-yh l J , t'ASS'lbvJU 
3-7), AlN,GaN,AlAs, 3=fcte GaAs RU^h 

l;E*©7iAh»u— 

[»*« 5] 

6] 

Specification 

[0001] 

[*«©«*-*»»»»] 

^Lfc7iAh«>b-+f-/Ol/X3 l 6ICj:y, 
-*SHJH*««»**-r*«MII!«££«sj* 

*©JB»!«*fliJS*iefflLfcji^ 9 
© t ^ ffl jh m n k » ^ <z> fc © s «[ i z n t 

•So 

[0002] 



lf-»*l=*y#J***tfcB«r« 

— » i i # v . I . an i-r-i i— i J.f— j.*. — » * v —I — i=3 %an -rr.i »•« vm, 



laser, said substrate vis-a-vis laser beam, in said diffraction 
grating formation territory, the high density energy of 0.1 
TW/cm 2 or more possessing, superimposition doing 7xA 
jp7 second laser pulse which interferes mutually, itirradiates 
forming method of two dimensions cycle microstructure 
which is stated in Claim 1 which is made feature 

[Claim 4] 

As substrate, with "7i A jp7 second laser illumination which 
is stated in Claim 1 which bulk and thin film silica glass,BK7 
optics glass, multicomponent glass, MgO,Si0 2 > Li Nb0 3 , 
A1 2 0 3 , Ca F 2 , diamond, ZnS, ZnSe, ZnO,YSZ (yttrium 
stabilized zirconia ), uses A1N, GaN, Al As* or GaAs and 
mixture of those and makes feature forming methodo of one 
dimension and/or two dimensions cycle microstructure 

[Claim 5] 

quantum wire element or quantum dot elemento which uses 
one dimension and/or two dimensions cycle microstructure 
which was drawn up with method which is stated in any of 
Claims 1 through 4 and makesfeature 

[Claim 6] 

quantum wire element or quantum dot element which 
substrate o for single crystal film formation uses the one 
dimension and/or two dimensions cycle microstructure which 
was drawn up with method which is stated in any of Claims 1 
through 4 and makes feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

As for this invention, with 37 x A jp7 second laser pulsed 
light which interferes mutuallypossesses high energy density, 
in transparent substrate, method of drawing up microstructure 
which possesses one dimension and/or two dimensions cycle 
microstructure of nano scale. It regards substrate for quantum 
wire element and quantum dot element* and single crystal 
film formations for those element which apply cycle 
microstructure. 

[0002] 

[Prior Art] 

Making use of interference of laser light, preparation method 
of holographic diffraction grating which possesses 
one-dimensional periodicity is technology which is well 
known from untilrecently. 

diffraction grating which was drawn up by such laser 



Page 5 Paterra Instant MT Machine Translation 



JP2003057422A 



2003-2-26 



[0003] 

7iAh8>U— tf-jt^F^fiJ 



C0> . 7iAh|J>U— tf-*A<*i* 

<D*Wl::|B]*r»*£IB*T?#*. 
[0004] 

<d 1/2 .ty/j^cr **&<tti*-*\ ckd/c^ic. 

800nm <DU— tf Jt£EI(,*fc*§£. ^'J^VCDPeS] 
IH(D*ih^ai*400nmSJS-(?,7'J>i?3l«(* 

2oonm ggre&y . **»*tfjtm**i*-*v 



[0005] 

-*S*fcl*^**fl)Jl»l«llll*it* 
Z?LTftfilcLfc7*h-?;Oi:X**>7-U 

-So 

[0006] 



exposure is used in diffraction grating for diffraction gratings 
distributed feedback type semiconductor laser of spectrometer 
or diffraction grating etc for fiber gray ten & . 

[0003] 

Continual optical oscillation laser or nano second pulse laser 
such as He-Cd laser > argon laser* excimer laser is used in 
these diffraction grating compilations. 

Because as for these laser, photoenergy density is small, 
photosensitive becomesnecessary in workpiece . 

these inventors making use of "7x A jp7 second laser light 
interference, developed method which draws up diffraction 
grating. 

With this method, because 17x A jp7 second laser light has 
had high energy density, as for workpiece photosensitive it 
does not need always, can record diffraction grating toall 
material for most part. 

[0004] 

When as for spacing of fringe of diffraction grating which 
was drawn upwith laser light interference exposure method, it 
is not possible, because ofthis, uses laser light of 800 nm, to 
make smaller than 1/2 of the laser wavelength which is used 
as for minimum dimension of spacing of fringe with400 nm 
extent, as for fringe slot width with 200 nm extent , 
Actualization of nano scale (Below several 10 nanometer ) 
structure where quantum effect is expected wasdifficult. 

In addition, with such laser light interference exposure 
method, one-dimensional periodicity can beactualized, but it 
was not possible to actualize periodicity of the two 
dimensions. 

[0005] 

In addition, in order to draw up quantum wire or dot 
whichpossesses cycle microstructure of one dimension or two 
dimensions, lithography method is tried. 

With this method, microfabrication of 10 nm extent being 
possible with electron beam exposure apparatus or ion beam 
exposure apparatus , compilation of one dimension or two 
dimensions cycle microstructure becomes possibleby scan 
doing electron or ion beam. 

In addition, in this way, similar cycle microstructure is drawn 
up is possible making use of stepper exposure apparatus 
which designates photomask and the excimer laser which 
were drawn up as light source. 

[0006] 

But, with said manufacturing process, resist which is exposed 
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[0009] 



y. 10nm gj&wfliitfcflsrt**::**^* 
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[0010] 
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to light in electron beam or ion beam becomes necessary. 

In addition, it is a complex process where resist application v 
exposure to light anddevelopment, furthermore etching 
process of workpiece becomes necessary,includes several 
vacuum process as entirety. 

In addition, characteristic of final microstructure, in order to 
be decided with the etching process, minimum dimension * 
aspect ratio of microstructure (Ratio of depth and width ), are 
many restrictions in workpiece etc. 

[0007] 

Furthermore, method which island grows such as doing, 
draws up quantum dot of 1 0 nm extent is developed In 
Ascrystallite on GaAs, but withthis method, periodicity is 
actualized being difficult, inaddition, only at time of 
combining special material, island growth isactualized is not 
possible . 

[0008] 

[Problems to be Solved by the Invention] 

Above-mentioned way, with lithography method preparation 
method of quantum wire or the quantum dot, process being 
complicated, because furthermore characteristic of 
microstructure is controlled in etching, is a constraint in kind 
etc of minimum dimension % shape * material of 
microstructure. 

In addition, method which utilizes island growth with crystal 
film-growing processes a constraint in control of periodicity 
of dot and combination of the material. 

Furthermore, with laser light interference exposure method, 
actualization of the two dimensions cycle structure being 
difficult, in addition nano scale microfabrication was not 
actualized. 

[0009] 

It is something which offers method where this invention, 
beingsomething which it tries to solve these problem, with 
simple process, doesnot have photosensitive always with *7x 
I\ jp7 second laser light interference multiple exposure ,for 
most part forms two dimensions cycle microstructure in all 
material. 

With method of this invention forms nano structure of 1 0 nm 
extent is possible by utilizing structural change of material 
which it occurs due to nonlinear effect and lighting which 
high density energy "7x JU jp7 second laser brings. 

[0010] 

multiple exposure doing 17 x A jp7 second laser which 
interferes mutually, method which forms cycle microstructure 
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[0011] 

BftU— 9 s — Axf)ffl 800nm iSfilOjft^^^JgE 
<Df§«;&ftT% 0.1TW/cm 2 ja±<D*X*fl^ 

1f-/<JUX£»W**tl=!iMtU 5-0.4// m 0) 

*i=»c*-«**<uj**. 

[0012] 

*&l=,caL-C»J*Lfc@*T»^*90*|gHE* 
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[0013] 

u— «f-/<;u**. stficgairf •sciKcfcij, 

5~200nm £*-*-«jlglftfe!tt& 
U— y , -H*tl=«k-6-*5cfttf/*fcl*-*5E 

[00 14] 

0.1TW/cm 2 J*l±(Z)S5ffifil*.;i/^f— ^^L. S 

4>|C. 5~50nm S^f 6Jm : ?f£ttJ£-t 

3C££ft^i<^t-S:7xAH^^-^f-s^ 

[0015] 

$fc.*f§B^I*,0.1TW/cm 2 JSl±<DStttJtl* 



of two dimensions is proposed by this inventor , but the this 
invention, improving technique, is something which offers 
method whichforms cycle microstructure of one dimension 
and two dimensions which possess microstructure of nano 
scale. 

[0011] 

[Means to Solve the Problems] 

With excitation wavelength of near infrared region of 800 nm 
vicinity from solid laser, it possesses high energy density of 
0. 1 TW/cm 2 , or more it irradiates ^7x A jp7 second laser 
pulse whichinterferes mutually to transparent substrate, it 
forms holographic diffraction grating which has the fringe 
spacing of 5 - 0.4 ;mu m in transparent substrate. 

If laser being induced structural change of material and 
nonlinearity of the "7x A jp7 second laser are utilized, slot is 
formed as internal structure of the fringe, to make narrow in 5 
nm extent it is possible even width. 

It is possible to form cycle quantum wire structure of namely, 
nano scale. 

[0012] 

Furthermore, in this way, to draw up two dimensions cycle 
microstructure where minimum average diameter isformed 
from dot of 5 nm extent 90 degrees revolutions later, 
byirradiating "7x A jp7 second laser pulse which again, 
interferes mutually, it ispossible diffraction grating which was 
formed. 

[0013] 

namely, this invention in substrate draws up cycle 
microstructure which possesses minimum average dimension 
5-200 nm byirradiating "7x A jp7 second laser pulse which 
interferes mutually, to substrate,is forming method of one 
dimension and/or two dimensions cycle microstructure with 
37x A jp7 second laser illumination which is madefeature. 

[0014] 

In addition, in silica glass, cycle slot which possesses even 
width 5-50 nm isdrawn up is forming method of one 
dimension cycle microstructure with "7xA jp7 second laser 
illumination which is made feature by irradiating 2 "7x A 
jp7 second laser pulse where this invention, with excitation 
wavelength of near infrared region, has high density energy of 
0. 1 TW/cm 2 , or more interferesmutually to silica glass. 

[0015] 

In addition, this invention to have high density energy of 0.1 
TW/cm 2 , or more 90 degrees turn after forming hologram 
diffraction grating in surface or internal of the substrate by 
irradiating to transparent substrate T7x A jp7 second laser 
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»*ttb-if-e-Ai=»Lr 90 jf @i£u is 

Htff^^^/Slimic.o.lTW/cm 2 61±©K« 
[0016] 

£fc* S*t<kLT* /<ju9&tfM*> 

X ,Mg0,Si0 2 ,LiNb0 3 ,Al 2 O 3 ,CaF 2 , ^ -V > 
K ,ZnS,ZnSe,ZnO,YSZ( y h 'J ^7 A £ £<b v 
3-7), AlN,GaN,AlAs* GaAs SlX^tl 

[0017] 

£fc* ±ffi(D*a-eft«**ifc-* 

[0018] 

(WO01/44879Al) o 
[0019] 

CO*ait, 800nm ttifi(Difi*ft 

MHtT\ R/^Xtttf 900-10 ?xAHB\ tf- 
*tti*A< 1GW &±-C> 7-»JiRBI!t*fcl*-t*t 



pulse which interferesmutually, vis-a-vis excitation 
wavelength of said laser, said substrate vis-a-vis the laser 
beam, in said diffraction grating formation territory, high 
density energy of 0.1 TW/cm 2 or more possessing, 
superimposition doing "7x A jp7 second laser pulse which 
interferes mutually, itirradiates it is a forming method of 
above-mentioned two dimensions cycle microstructure which 
ismade feature. 

[0016] 

In addition, this invention bulk and thin film silica glass,BK7 
optics glass, multicomponent glass, MgO,Si0 2 , Li Nb0 3 , 
A1 2 0 3 , Ca F 2 , diamond, ZnS, ZnSe, ZnO,YSZ (yttrium 
stabilized zirconia ), is forming method of the cycle 
microstructure with above-mentioned *7x A jp7 second 
laser illumination which designates that the A1N, GaN, Al 
As* or GaAs and mixture of those are used as feature as 
substrate. 

[0017] 

In addition, this invention is quantum wire element or 
quantum dot element which designates that one dimension or 
two dimensions cycle microstructure which was drawn up 
with above-mentioned method is used as feature. 

Furthermore, it uses substrate which has cycle microstructure 
which was formed as substrate for single crystal film growth, 
it is possible also to draw up quantum element making use of 
single crystal film which grew on that. 

It is quantum wire element or quantum dot element to which a 
substrate for single crystal film formation the namely, this 
invention uses one dimension or two dimensions cycle 
microstructure which was drawn up with theabove-mentioned 
method and makes feature. 

[0018] 

these inventors changing into laser light interfering exposure 
hologram preparation method which uses photosensitive 
material which first, was until recently done, developed two 
beam hologram exposure method which use 37xA jp7 
second laser, originally in organic material* inorganic 
material* semiconductor material or metallic material which 
do not haveoptical photosensitive, with pulsed light of pair 
which diverges from the pulse of one, actualized method 
which can record hologram,patent application did (WO 0 1/4 
4879A1 ). 

[0019] 

This method, excitation wavelength with near infrared region 
of 800 nm vicinity, said pulse width 900 - 10 I7xA jp7 
second* peak output 1 GW or more, Hu jp9 tl limit or that 
anddesignates solid 7xA jp7 second laser which it can 
closely resemble as the light source, divides pulse from said 



Page 9 Paterra Instant MT Machine Translation 



JP2003057422A 



2003-2-26 



BH0»t*Lri»IHIttlclS«iPL. 36oft/M§| 
100GW/cm 2 &±-CH#U :iO©tf— A©JR 

©IS*E««£*<bicj:sawSii©»tt* 
A©«i&*a-efc4. 



[0020] 

*T*/W->Tf©x*lR|-efl!>*3l*»*F(x) 

i*,(i)*-e4*6*i*. 

[0021] 

F(x)= 2F av cos 2 (2 7Tx/d)(l) 

Lfct#.(2)a-e^e>*i*o 

[0022] 

d= A/2sin(0/2)(2) 

LfcAbt.d i*a*©*»j:y/h$<-r*»6< 

[0023] 

800nm tti6©*S»ftT?:7xAM!J>U-1f-£ 
[0024] 

E(x)= [2F av cos 2 (2 7Tx/d)] n (3) 
[0025] 

K**ftfcx*ji,*-*flEtf, Htt£»*.fc*t 
sic *t»©7^b-i/3>*fcii«a»b36< 

£C6©T\ 7^b— >3>*fcl**JS« <bA<4 
C*««li.n *« 1 ©tt.d/2 SJg(A/4 g£) 



laser into two due to the beam splitter , beam of two, through 
optics delay circuit, controls in the temporal, At same time in 
reflective surface which turns minutely controlling in the 
spatial making use of mirror of plane or concave surface, in 
substrate surface or substrate internal which records 
hologram, light collection doing above energy density 
100GW/cm 2 , light collection spot of beam of two coinciding 
to temporal and the spatial depending, With atom array 
structural change of ablation and/or substrate material of 
substrate material which it occurs with high energy lighting it 
is a manufacturing method of hologram with two beam laser 
interfering exposure methods whichdesignate that hologram is 
recorded to irreversible in transparent material, 
semiconductor material, or metallic material with index of 
refraction change of shape change and/or substrate material of 
substrate surface, asfeature. 

[0020] 

light intensity distribution F (x ) with x direction with optical 
interference pattern is given with the Formula (1). 

[0021] 

F (x ) = 2 F av cos 2 (2;pi x/d)(l) 

Here, as for F av , as for average energy, d of light, when with 
spacing of fringe, designating angle which beam of two 
formsas the;th, it is given with Formula (2). 

[0022] 

d= ;la / 2 sin (;th / 2) (2) 

Therefore, as for d it is not possible to make smaller than half 
of wavelength. 

[0023] 

When "7x A jp7 second laser is irradiated to transparent 
substrate with excitation wavelength of 800 nm vicinity, 
substrate absorbs photoenergy with multiple photon 
absorption process. 

As for energy E (x ) which is absorbed, at time of nmultiple 
absorption, n of light intensity it is proportionate in power. 

namely, 

[0024] 

E (x ) = [2 F av cos 2 (2;pi x/d )] <sup>n (3) 
[0025] 

When energy density which was absorbed, it exceeds 
threshold value, because the ablation or structural change of 
material occurs, as for domain which the ablation or structural 
change occurs, when n 1 being, d/2 extent (;la / 4 extent ) 
withit is possible, to do, if n is enlarged, it is 
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[0027] 



possiblefurthermore to make said domain small. 

jp7 second laser with, it can exclude thermal effect because, 
said domain to the thermal can prevent fact that scattering it 
does. 

When with namely, "7x A jp7 second laser illumination, 
diffraction grating was formed making use of multiple light 
absorption, microstructure which exceeds diffraction limit of 
light can be formed. 

[0026] 

When "7xA jp7 second laser of high strength, it propagates 
in transparent substrate whichpossesses index of refraction 
N 0 , as shown in Formula (4), being proportionate to light 
intensity I, nonlinear effect to which index of refraction N 
changes becomesremarkable. 

[0027] 



N = 


NO+Of-I 




(4) 


N= 


NO +;al *I 




(4) 
















Here 


So, 


As for;al with constant 


Certain 
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[0029] 



0.1TW/cm 2 &L±lZ+&t + 



i*. *a*»iiJitecfci;/*fci*SBJiJijftS!iaic 



[0028] 

The;al occurs, at time of positive, convex lens effect with 
propagationof light, self focuses light. 

namely,;al with positive substrate, as for optical light 
collection spot, furthermorecan make small with self focus 
effect which is based on nonlinear effect of index of 
refraction, as a result, it is possible to make domain which 
causes ablation or structural change, smaller. 

Making use of such multiple light absorbing effect and self 
focus effect, cycle microstructure whichpossesses 
microstructure of minimum average dimension 5 nm extent 
can be formed. 

[0029] 

When "7x A jp7 second pulse which interferes mutually 
possesses energy density which exceeds threshold value is 
irradiated to silica glass, in silica glass, the periodic structural 
change which accompanies contraction of volume occurs. 

When laser energy density of per unit surface area is 
designated as 0.1 TW/cm 2 or more, this structural change 
domain becomes smaller than diffraction limit of light 
depending upon multiple light absorption and/or self focus 
effect, local contraction force occurs. 
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As a result, even width slot of approximately 5 nm isformed 
in silica glass. 

spacing of this slot agrees with fringe spacing of diffraction 
grating. 

cycle quantum wire structure of namely, spacing 5-0.4 ;mu m 
can be drawn up. 

As for cycle slot structure of approximately 5 nm even width 
which were formedin silica glass, it is possible to observe 
with scanning reflected electron microscope of high 
resolution. 

[0030] 

two dimensions cycle microstructure is formed, multiple 
exposure method is used. 

hologram diffraction grating is recorded to transparent 
substrate surface or internal namely, first,making use of "7x 
A jp7 second laser two beam hologram exposure apparatus, 
with interference laser pulse lighting of one shot. 

Next, transparent substrate which records diffraction grating 
90 degrees turning, repeating to positional in diffraction 
grating which is recorded, superimposition doing "7x A jp7 
second pulse which interferes mutually, it irradiates. 

As a result, to domain where diffraction grating and pulse 
beam are piled up,is possible fact that two dimensions cycle 
microstructure which possesses microstructure of the 
minimum average dimension approximately 5 nm is formed. 

[0031] 

When angle which laser pulse of two forms is under 90 
degrees,two dimensions cycle microstructure becomes dot 
structure, when said angle is 90 degrees or more, surface 
becomes island structure of square. 

In addition, average dimension of dot from 5 nm in range of 
200 nm, one edge of surface square of island structure it can 
change with even50 - 250 nm lighting laser energy by 
changing. 

[0032] 

diameter or other dimension of slot width x dot of cycle 
microstructure which is recorded in substrate issought from 
black-and-white contrast of scanning reflected electron 
microscope. 

But, generally, with scanning reflected electron microscope, 
sloU dot or other depth direct measurement isdone, it is not 
possible , black-and-white contrast of scanning electron 
microscope, is thoughtthat weight of dimension (diameter ) or 
other depth direction of width, dot of slot it iseven. 

Therefore, "Even width ", "average dimension " in this case 
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specification at value which was soughtfrom black-and-white 
contrast of scanning reflected electron microscope, is 
dimension of average slot width and dot which weighting are 
done in depth direction. 

[0033] 

In this way, as for microstructure which possesses two 
dimensions cycle which wasformed, you regard two 
dimensions diffraction grating or two dimensions photo nick 
crystal, it is possible, it can use as large angle optical 
diffraction element. 

In addition, on said microstructure, single crystal film homo 
epitaxial growth is done, or, hetero epitaxial growth doing 
semiconductor single crystal film, it can draw up cycle 
quantum wire element or cycle quantum dot element making 
use of epitaxial single crystal film which it acquires. 

You can use substrate which records namely, said 
microstructure as substrate for the cycle quantum wire 
element or cycle quantum dot element manufacture. 

[0034] 

[Embodiment of the Invention] 

Figure 1 is system conceptual diagram of 7x A jp7 second 
laser light interference aligner which isused for method of this 
invention. 

Regarding this system, pulse beam from 7xA jp7 second 
laser light source * said laser beam splitter inorder to divide 
into two of beam Bl and beam B2 (half mirror HF 1 ), the 
optics delay circuit in order to control light collection 
agreement position of light of the pulse in temporal and planar 
mirror M2 and concave mirror M3,M6 and said concave 
mirror M3,M6 in orderto control in spatial minute it possesses 
optical system which consistsof mechanism in order to turn. 

It is possible changing, to designate optics path length as 
optics delay circuit, byminute moving in parallel dirction 
position of planar mirror M4,M5 which forms the optics delay 
circuit, vis-a-vis incident beam. 

Agreement position of light collection of two beam which 
incidence are doneand size of light collection spot can be 
controlled in substrate SI with the optics delay circuit and 
mirror . 

[0035] 

As for "7x A jp7 second two beam laser aligner, with 
micron scale, the optical system which can control position 
being necessary, optics delay circuit* minute precise control 
is possible as equipment which has positional control 
characteristic of high precision which it can correspond to 
that, in optical system which has thefunction which can detect 
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presence or absence of gathering agreement of the concave 
mirror* and two beam which it can turn depending, light 
collection doing beam of two on or substrate internal 
substrate, itis something which makes that light collection 
spot of two it coincides to temporal and spatial, possible. 

[0036] 

In addition, in finger constant position of substrate, in order to 
make that light collection it does possible, substrate, with 
micron order minute has beenput beam of two on substrate 
rotating stage which turns with order ofminute movement and 
amount. 

Furthermore, in order to detect specific position in substrate, 
it ispossible to observe substrate on substrate rotating stage 
with stereomicroscope. 

[0037] 

7iA jp7 second pulse laser of titanium sapphire mode lock 
laser regeneration amplifying is done in maximum energy 
approximately 1 mJ, time approximately 100 "7xA jp7 
second in system which is shown in Figure 1, "7xA jp7 
second laser light which is acquired in the surface of 
transparent substrate SI light collection is done in 
approximately 100;mu m diameter,(energy density of this 
laser light is approximately 100 TW/cm 2 . ). 

As oscillator of "7x A jp7 second pulse, it is possible also 
with near infrared light to use fiber laser and solid laser which 
oscillation are done. 

[0038] 

In Figure 2, protocol which draws up two dimensions cycle 
microstructure with multiple exposure isshown. 

Respectively agreeing to temporal and spatial, light collection 
it does beam of two of 100;mu J/pulse in surface of substrate. 

As a result, beam of two interferes mutually, glass surface 
only of light part domain of interference pattern which it 
occurs is done ablation, as aresult, interference pattern is 
copied to substrate. 

Simultaneously, in substrate internal of light part domain of 
interference pattern, contraction of substrate happens with 
high density energy laser illumination . 

[0039] 

Due to this contraction, in substrate surface, crack which 
possesses theinfinitesimal small width of even width 5 nm 
extent occurs. 

spacing of said crack agrees to fringe spacing of interference 
pattern. 
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When designating cross angle of beam of namely, two as 
the;th, the said spacing d d=;!a / is given with 2 sin (;th / 2) 
with laser wavelength asthe;la. 

With said method , to substrate surface, is possible fact that 
one dimension cycle quantum wire structure isformed, (Entry 
of first of Figure 2). 

[0040] 

90 degrees it turns with aforementioned technique , substrate 
whichformed one dimension cycle quantum wire, substrate 
rotating stage by turning, vis-a-vis laser incident beam. 

In order next, for light collection laser beam to be irradiated to 
domain where the one dimension cycle quantum wire 
structure was formed, substrate rotating stage is moved 
parallel. 

Lastly and it irradiates laser pulse which mutually interferes, 
repeatsentry of second, to quantum wire forming region and 
does. 

[0041] 

In domain where 2 illumination beam position agree, two 
dimensions cycle dot structure is formed by interaction of 
diffraction grating which was formed with laser illumination 
of first and laser beam which was irradiated to second. 



With silica glass, periodicity quantum wire structure and 
periodicity quantum dot structure being piled up, it is formed. 

As for average dimension of said dot, with 5 - 1 00 nm , you 
regard the two dimensions cycle quantum dot structure, it is 
possible . 

As for these structure, with AFM it observes with restriction 
of the probe needle tip edge dimension it is difficult actual 
measurement it is possible with high resolution scanning 
reflected electron microscope, but in place of that. 

[0042] 

As substrate, other than bulk and thin film silica glass, BK7 
optics glass, multicomponent glass, MgO,Si0 2 , Li Nb0 3 , 
A1 2 0 3 , Ca F 2 , diamond, ZnS, ZnSe, ZnO,YSZ (yttrium 
stabilized zirconia ), the A1N, GaN, Al As* or GaAs and 
mixture of those are used, it is possible . 

With substrate other than silica glass , with one dimension 
cycle microstructure, as for width of wire they are 
approximately 50 nm or greater, but even with in thatcase, 
average dimension of dot can be designated as 5 - 200 nm. 

[0043] 
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quantum dot, as for mechanism which is formed is not clear, 
diffraction grating surface which was formed by lighting of 
first time, fine beam spot isformed vis-a-vis laser beam which 
was irradiated to second, with the lens effect, laser beam 
which was irradiated to second mechanism* where the spot 
is copied to substrate or, by diffraction grating which was 
formed first,is done diffraction, diffracted light and incident 
laser beam light interferemutually, fine beam spot is formed, 
can think mechanism where spot is copied to substrate. 

Regarding whichever mechanism, occasion where it is copied 
to the substrate, from beam spot microscopic shape can be 
formed in substrate surface or the internal with multiple 
photon absorption process and self focus process . 

[0044] 

[Working Example(s)] 
[Working Example 1 ] 

"7x A jp7 second two beam laser interfering exposure device 
which shows in Figure 1 was used. 

As for namely, laser, with regeneration titanium sapphire 
laser, as for oscillation center wavelength as for 800 nnu 
pulse width approximately 100 7xA jp7 second* pulse 
energy, with 100;mu J/pulse, as for peak output 
approximately 1 GW it is sought vis-a-vis respective beam. 

[0045] 

laser beam, with half mirror HF 1 , is divided by two, light 
collection is donein silica glass surface by lens LI and lens 
L2 . 

Inside optics road for beam Bl or beam B2, it installed the 
optics delay circuit and optics road position alignment circuit, 
light collection spot of beam of two coincided to temporal and 
spatial. 

Departure green strength of three time harmonic was used to 
detection of the presence or absence of agreement, with air . 

[0046] 

As for size of light collection spot, with approximately 
100;mu m, asfor peak output density approximately 10 
TW/cm 2 it is calculated. 

incident angle to silica glass of beam Bl and beam B2 made 
24 degrees. 

silica glass surface after laser illumination was observed with 
AFM and high resolution scanning reflected electron 
microscope. 

Figure 3 is AMFphotograph of surface relief type hologram 
diffraction grating which is acquired and graph which shows 



Page 1 6 Paterra Instant MT Machine Translation 



JP2003057422A 



2003-2-26 



afm ©»£A*Sk *a^A:7'J>v©ff£ft 

[0047] 

B 4 \Z7Tst Jolc. **i**i©7"j:/5?lc % 
« 15nm ©flMB3!35<ttKLTL^©6<^-6o 

f «t*>%,7iAM*b— !f-*ffll^fc 2 fcf-A 
b— «f-T#B#lcJ:y . S/UA*f^*iBlc, 

[0048] 

U— *f— AtDx^jU^— ffiSli 100 ^ J//< 

;uxr\ -ooif-AiDft-rftStt 24 jf<bL 

tZo 

^*P^7A£EfiLfc&, KfcX-r-S?* 90 

LT.90SIHlELfco 
[0049] 

[si g ©b-tf-tf-A£ BSWLfco 

2 BB©Kltlcfcl*T.=o©lf— A©x*;u 

^r-esii, -tti^tt i oo if j tu-o©e- 

»*ttjt*SSW«^S««¥Jl(a)i:»¥Jt 

©aaH(b)S*-r. 

m 5 ffflttfl 1 U m BIH©X*7cffl»lttS 
ESWTJS^ai* 20~200nm "Pfcofco 



relationship of depth of distance and slot. 

As shown in Figure 3, surface relief type hologram diffraction 
grating which has interstitial space ofapproximately l;mu m 
was acquired. 

From measurement of AFM, shape of hologram fringe was 
semicyiindrical shape. 

[0047] 

In addition, Figure 4 is high resolution scanning reflected 
electron microscope photograph of the surface relief type 
hologram diffraction grating which is acquired. 

As shown in Figure 4, that fine groove of even width 1 5 nm 
hasbelonged to respective fringe, it understands. 

one dimension cycle microstructure (one dimension cycle 
quantum wire structure ) is formed to silica glass surface, by 2 
beam laser interfering exposure which use namely, "7x A 
jp7 second laser, you could verify . 

[0048] 

[Working Example 2 ] 

surface relief type hologram diffraction grating was formed in 
silica glass making use of "7x A jp7 second two beam laser 
interfering exposure device which shows in Figure 1 . 

As for energy density of laser beam with 100;mu J/pulse, as 
for angle which beam of two forms it made 24 degrees. 



After recording said hologram, sample stage 90 degrees 
turning, 90 degrees itturned said silica glass sample, vis-a-vis 
beam. 

[0049] 

Furthermore, in order for laser beam to irradiate diffraction 
grating formation territory, the fine motion doing sample 
stage parallel, it irradiated laser beam of second. 

At time of irradiating second, energy density of beam of the 
two made 100;mu J respectively, angle which beam of the 
two forms made 24 degrees. 

high resolution scanning reflected electron microscope 
photograph of domain where two illumination beam arepiled 
up to Figure 5, (a ) with schematic diagram (b ) of said 
photograph is shown. 

From Figure 5, dot structure which has two dimensions 
periodicity of longitudinal and transverse approximately 1 ;mu 
m spacing is formed, you could verify . 

depth of dot was presumed 300 nm extent, average dimension 
of diameter of dot was 20 - 200 nm. 
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[0050] 

[Working Example 3 ] 

surface relief type hologram diffraction grating was formed in 
silica glass making use of *7xA jp7 second two beam laser 
interfering exposure device which shows in Figure 1 . 

As for energy density of laser beam with 50;mu J/pulse, as for 
angle which beam of two forms it made 24 degrees. 

After recording said hologram, sample stage 90 degrees 
turning, 90 degrees itturned said silica glass, vis-a-vis beam. 

[0051] 

Furthermore, in order for laser beam to irradiate to diffraction 
grating formation territory, fine motion doing substrate 
rotating stage parallel, superimposition doing laser beam of 
the second, it irradiated. 

At time of irradiating second, energy density of beam of the 
two made 30;mu J respectively, angle which beam of the two 
forms made 24 degrees. 

two dimensions dot structure which has cycle of longitudinal 
and transverse approximately 1 ;mu m spacing isformed, you 
could verify . 

depth of dot was presumed 1 00 nm extent, average dimension 
of diameter of dot was 5-40 nm. 

microstructure (two dimensions cycle quantum dot structure ) 
of minimum average dimension 5 nm which possesses two 
dimensions cycle structure by decreasing the namely, lighting 
laser energy, in 30;mu Jextent, could be formed. 

[0052] 

[Working Example 4 ] 

surface relief type hologram diffraction grating was formed in 
silica glass making use of 2 beam laser interfering exposure 
devices which show in Figure 1. 

As for energy density of laser beam with 100;mu J/pulse, as 
for angle which beam of two forms it made 90 degrees. 

After recording said hologram, substrate rotating stage 90 
degrees turning, 90 degrees itturned said silica glass, vis-a-vis 
beam. 

[0053] 

Furthermore, in order for laser beam to irradiate diffraction 
grating formation territory, the fine motion doing substrate 
rotating stage parallel, superimposition doing laser beam of 
the second, it irradiated. 
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At time of irradiating second, energy density of beam of the 
two made 100;mu J respectively, angle which beam of the 
two forms made 90 degrees. 

high resolution scanning reflected electron microscope 
photograph of domain where two illumination beam arepiled 
up to Figure 6, (a ) with schematic diagram (b ) of said 
photograph is shown. 

From Figure 6, two dimensions cycle structure of island shape 
of longitudinal and transverse approximately. 6 ;mu m 
spacing is formed, you could verify . 

As for island, surface was presumed Nogata 
perpendicuiarbody of square, one edge of square was average 
dimension 50-150 nm. 

[0054] 

[Working Example 5 ] 

surface relief type hologram diffraction grating was formed in 
silica glass making use of 2 beam laser interfering exposure 
devices which show in Figure 1 . 

As for energy density of laser beam with 40;mu J/pulse, as for 
angle which beam of two forms it made 90 degrees. 

After recording said hologram, substrate rotating stage 90 
degrees turning, 90 degrees itturned said silica glass sample, 
vis-a-vis beam. 

[0055] 

Furthermore, in order for laser beam to irradiate diffraction 
grating formation territory, the fine motion doing substrate 
rotating stage in equilibrium, superimposition doing laser 
beam of the second, it irradiated. 

At time of irradiating second, energy density of beam of the 
two made 40;mu J respectively, angle which beam of the two 
forms made 90 degrees. 

two dimensions cycle structure of island of longitudinal and 
transverse approximately 0.6;mu m spacing isformed, you 
could verify . 

As for island, surface was presumed Nogata 
perpendicuiarbody of square, one edge of square was average 
dimension 150-250 nm. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

Figure 1 is system conceptual diagram of "7x A jp7 second 
laser interfering exposure device which is used for method of 
this invention. 

[Figure 2] 
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Figure 2 is conceptual diagram which shows protocol which 
draws up two dimensions cycle microstructure with multiple 
exposure . 

[Figure 3] 

Figure 3 is drawing substitute AMFphotograph of surface 
relief type hologram diffraction grating whichhas interstitial 
space of l;mu m which is acquired with Working Example 1 
and the graph which shows relationship of depth of distance 
and the slot. 

[Figure 4] 

Figure 4 is drawing substitute high resolution scanning 
reflected electron microscope photograph of surface relief 
type hologram diffraction grating which has interstitial space 
of 1 ;mu m which isacquired with Working Example 1 . 

[Figure 5] 

Figure 5 drawing substitute high resolution scanning reflected 
electron microscope photograph of the domain where two 
illumination beam are piled up in Working Example 2, (a ) 
with is schematic diagram (b ) of said photograph. 

[Figure 6] 

Figure 6 drawing substitute high resolution scanning reflected 
electron microscope photograph of the domain where two 
illumination beam are piled up in Working Example 4, (a ) 
with is schematic diagram (b ) of said photograph. 
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